Columns resisting axial load and biaxial bending can exist in building structures. Column bending is uniaxial when the axial load acts at an eccentricity along one of the principal axes (in a plane of section symmetry), and column bending is biaxial when the load is applied at an eccentricity that is not along a principal axis. Analysis of a rectangular cross section in uniaxial bending uses an equivalent rectangular stress block acting on a rectangular area of compressed concrete and a neutral axis (axis of zero strain) that is perpendicular to the direction of the eccentricity. Any lateral deflection along the longitudinal axis of the column under uniaxially eccentric compression loads remains in the plane of section symmetry. Analysis of stress on a rectangular cross section in biaxial bending can involve a triangular or trapezoidal area of compressed concrete, as well as a neutral axis that is not perpendicular to the direction of the eccentricity. Generally, the lateral deflection along the longitudinal axis of the column under biaxially eccentric compression loads is in a direction different from the direction of the eccentricity.
INTRODUCTION
Columns resisting axial load and biaxial bending can exist in building structures. Column bending is uniaxial when the axial load acts at an eccentricity along one of the principal axes (in a plane of section symmetry), and column bending is biaxial when the load is applied at an eccentricity that is not along a principal axis. Analysis of a rectangular cross section in uniaxial bending uses an equivalent rectangular stress block acting on a rectangular area of compressed concrete and a neutral axis (axis of zero strain) that is perpendicular to the direction of the eccentricity. Any lateral deflection along the longitudinal axis of the column under uniaxially eccentric compression loads remains in the plane of section symmetry. Analysis of stress on a rectangular cross section in biaxial bending can involve a triangular or trapezoidal area of compressed concrete, as well as a neutral axis that is not perpendicular to the direction of the eccentricity. Generally, the lateral deflection along the longitudinal axis of the column under biaxially eccentric compression loads is in a direction different from the direction of the eccentricity.
Cross sections under service load conditions with low levels of compressive stress and no cracking of concrete have a unique geometric centroid that can be determined with elastic analysis methods of solid mechanics after steel areas are transformed by the modular ratio (E s /E c ) between steel and concrete. Because concrete cracks at low tensile stress, it does not effectively resist tension, and any area of tensile concrete is neglected. Consequently, in the presence of tensile strain, the portion of the cross section in compression varies with load and eccentricity. The elastic analysis of transformed rectangular cross sections under uniaxially eccentric compression remains relatively simple because equilibrium equations yield a second-order polynomial for locating the neutral axis. 1 Under biaxially eccentric compression, the equilibrium equations can be solved iteratively. After the location and angular orientation of the neutral axis have been established, displacements and concrete and steel stresses can be estimated for service load conditions.
Cross sections in which material stress is not proportional to material strain are more complex to analyze because the elastic superposition of stresses does not apply. Methods of analysis for such cross sections are described herein. Strength design must be based on the cross section ultimate strength, which is not influenced by the sequence of load that causes failure. Several design procedures for ultimate strength analysis are examined in this paper and recommendations for design are offered. The results of the study are limited to normal-strength concrete columns subjected to short-term loads.
Deviations from the elliptical approximation are largest when the ultimate axial load is near the axial load strength corresponding to a balanced strain condition and the eccentricity of the axial load is in the direction of a corner of the cross section. The balanced strain condition occurs when a limiting strain of 0.003 in the concrete is reached as the tension reinforcement achieves first yield. Design aids were developed from analyses that used the rectangular stress block for concrete. [9] [10] [11] The design aid relationship used was (1a) where M nx = applied nominal bending moment about the X-axis; M x0 = nominal bending moment strength if axial load were eccentric only about the X-axis; M ny = applied nominal bending moment about the Y-axis; M y0 = nominal bending moment strength if axial load were eccentric only about the Y-axis; and α = axial load contour exponent between 1 and 2. Equation (1a) describes the true ellipse when the exponent α = 2, and can be written as
Graphs in Reference 10 show α to be a function of the ratio between the specified compressive strength of concrete and the yield strength of steel, the ratio between the ultimate axial load and the cross section ultimate concentric strength, the reinforcement ratio, and the ratio between the shorter and the longer side of a rectangular cross section.
Design aids in the 1970 ACI SP-17A Handbook l2 and the 1972 CRSI Handbook l3 were based on interaction diagrams developed in Reference 14 for square cross sections bent about the diagonal axis at 45 degrees for which the resultant moment acts in a plane of symmetry. The contour for an axial load on the interaction surface was defined by two straight lines that connect moment values for bending about a principal axis and the moment value at the 45-degree skew angle.
An alternate equation that can be used to describe an ultimate strength interaction surface published in 1960 15 and is used in the commentary of ACI 318 6 as evidence of adequate strength in reinforced concrete cross sections (2) where P ni = nominal axial load strength under biaxial eccentricity; P nx = nominal axial load strength for single eccentricity along Y-axis; P ny = nominal axial load strength for single eccentricity along X-axis; and P n0 = nominal concentric compression strength of the cross section. If the value of P ni from Eq. (2) , reduced by a strength reduction factor φ, exceeds the applied factored axial load P ui at the biaxial eccentricity, the section is adequate. Design aids in the 1978 ACI SP-17 Handbook 16 were provided for solving Eq. (2) . The use of Eq. (1) or (2) requires determining the cross section bending strength about each principal axis separately. Such definitions are available with design aids in the form of graphs 17 or tables. 18 Equation (1) and (2) were developed for cross section strength. These equations are also relevant for slender columns as for short columns if the values M nx and M ny for Eq. (1) and P nx and P ny for Eq. (2) are obtained with eccentricities magnified separately for bending and slenderness about each principal axis.
Reports of physical tests on square columns subjected to biaxially eccentric compression confirm the shape of interaction surfaces predicted from design aids and Eq. (1) and (2) . 19 Generally, test strengths exceeded strength predictions from the design aids. Studies on rectangular and round-ended bridge pier columns 20 included tests and analytical investigation, which used discrete elements and various stress-strain models for concrete. Ultimate strength estimates were found to be insensitive to the specific shape of the stress-strain function (bilinear, parabolic, higher-order polynomial) used for concrete in compression. 20 The clear spacing between longitudinal bars in these specimens was about 2 in. (51 mm) or less, and the effect such spacing can have on confining concrete effectively to develop more compression capacity was not considered.
21, 22 The test results showed that to predict the maximum bending moments between the ends of an eccentrically loaded slender column, moment magnifiers for slenderness effects could be evaluated separately for each principal axis of bending. Equation (1b) predicted ultimate biaxial strength of cross sections with an accuracy as precise
as that obtained with the rectangular concrete stress block applied for determining uniaxial strength. 20 The 1988 Australian Standard AS 3600 23 adopted Eq. (1a) for cross sectional strength with α being between 1 and 2 and defined as (3) where P ui = applied factored axial load under biaxial eccentricity; α = 1 for values of P ui less than 0.106P n0 ; and α = 2 for P ui greater than 0.459P n0 .
The 1983 AASHTO specifications 24 for highway structures accepted the results of cross sectional analysis derived from the same ultimate strength conditions as those in ACI 318, 6 that is, a limit strain of concrete of 0.003, plane sections remaining plane during all load cases, equivalent rectangular compression stress block for concrete at ultimate strength, and elastic steel response before nominal yield strain with yield stress for all strains higher than or equal to nominal yield strain. In addition, when P ui is greater than 0.1f c ′ A g , Eq. (2) can be used; when P ui is less than 0.1f c ′ A g , Eq. (1a) with α equal to 1 can be used, where A g = gross area of column cross section and f c ′ = specified compressive strength of concrete.
Hsu 25 proposed a variation of Eq. (1) with the coefficient α equal to 1.5 and a term reflecting the influence of the ratio between the nominal axial load and balanced strain axial load (4) where P nb = nominal axial load strength of the cross section for balanced strain condition under biaxial bending; M nbx = nominal bending moment strength for balanced strain condition if axial load were eccentric only about the X-axis; and M nby = nominal bending moment strength for balanced strain condition if axial load were eccentric only about the Y-axis. The magnitude of P nb will not be a constant value unless the column section is square and the same amount of longitudinal steel is placed on each of the four faces. The value of P nb for Eq. (4) is between P nbx for bending about the X-axis and P nby for bending about the Y-axis. Linear interpolation is recommended.
Based on reports of the European Working Commission, MacGregor 26 suggested that sections designed for biaxial bending be proportioned on the basis of the required axial load acting at an eccentricity e oi larger than either of the required values e x and e y . For e x /x greater than or equal to e y /y, a value e oi should be taken as (5) where
e oi e x βe y x y ⁄ ( ) + = (f y in ksi units); A g = gross area of cross section; and x, y = column cross section dimension along the X-and Y-axis, respectively.
If e x /x < e y /y, the x and y terms as well as the subscripts in Eq. (5) are transposed. Hence, a section is selected for the required load P u acting at an eccentricity e oi about one of the principal axes of the rectangular section. This procedure is limited in application to columns with doubly symmetric cross sections having the ratio of longer to shorter dimensions between 1 and 2 and reinforced with equal reinforcement on all four faces. As a result, it appears to be more suited for selection of trial sections for preliminary sizing of columns.
ULTIMATE STRENGTHS FROM DESIGN PROCEDURES COMPARED WITH TEST RESULTS
Ultimate axial load strengths from 59 test specimens subjected to biaxial bending from Bresler, 15 Ramamurthy, 19 Furlong, 20 Anderson and Lee, 27 Hsu, 25 and Heimdahl and Bianchini Computed strengths were determined using the concrete rectangular stress block of ACI 318 Section 10.2.7.
6 Strength reduction factors φ were taken as 1.00 in computation. A computer program was prepared to evaluate strengths using singular applications of Eq. (1) to (4). Specimens were loaded symmetrically with respect to the midheight of the column and, for the purpose of data comparison, moment magnifiers were determined separately for each axis of bending. Hence, the factor δ ns for each axis of bending was calculated from the approximation given in ACI 318 Section 10.12.3 6 for columns in nonsway frames with P u /φ taken as P ni and the equivalent uniform moment diagram factor C m taken as 1.0 for these specimens (6) where P c = π 2 EI/(kl u ) 2 ; k = the effective length factor taken as 1.0 for these tests; and EI = the larger value from EI = (0.
√f c ′ psi (w c is the unit weight of concrete in lb/ft 3 , f c ′ in psi) or E c = 0.043w c
1.5
√f c ′ MPa (w c is the unit weight of concrete in kg/m 3 , √f c ′ in MPa), E s = 29 × 10 6 psi (200,000 MPa), and β d = 0 (short-term load). As indicated by Eq. (6), the stiffness reduction factor φ k used in ACI 318 6 Eq. (10-9) was taken equal to 1.0 for this study. Table 1 displays the specimen properties, observed strengths (measured axial load strengths P test ), and the ratios between the observed strengths and the computed axial load strengths (P 1 , P 2 , P 3 , P 4 ). P 1 was computed using Eq. (1b), P 2 was calculated using Eq. (2), P 3 was evaluated from Eq. (1a) with α taken (3), and P 4 was determined from Eq. (4) . Average values of ratios between observed strengths and computed strengths from each of the four design equations are given at the bottom of Table 1 together with the standard deviation and the coefficient of variation for each set of ratios. The average values of ratios between the observed and calculated strengths are 0.98 for P 1 , 1.07 for P 2 and P 4 , and 1.16 for P 3 .
The coefficients of variation are nearly 0.16 for P 1 , P 2 , and P 4 , and 0.2 for P 3 . These values show reasonable agreement between observed and calculated strengths, indicating that all four methods of calculation compared in Table 1 Note: Smaller dimension of cross section is along X-axis and larger dimension of cross section is along Y-axis; e x is eccentricity along X-axis and e y is eccentricity along Y-axis (both acting at column ends); and k is effective length factor that is equal to 1.0.
from Furlong 20 and listed in Table 1 are shown in Appendix A.
COMPUTER-BASED ANALYSIS PROCEDURES
Anticipating the availability of computers for design and recognizing that, for an assumed level of axial load and skew angle of a neutral axis, an iterative procedure is programmable for determining appropriate moment values M nx and M ny . Taylor 30 proposed that several values of M nx and M ny should be computed to define a moment strength contour for the given axial load. Linear interpolation between computed points would give the strength value for the desired skew angle. Taylor's method represents a transition between approximate design by formulas and analysis for design with help from computer programs.
Ultimate strength
Several numerical procedures [31] [32] [33] suited for computer use were developed to perform an analysis based on force equilibrium and strain compatibility for columns with cross sections of arbitrary shape. A common procedure produces a set of points for a constant ratio of bending moments M x and M y (constant skew angle) on the three-dimensional failure surface for constructing the resulting interaction lines (Fig. 1) . The use of computers permits an iterative process that is as time efficient as the approximate design procedures described previously and elsewhere.
26,34-39

Moment-curvature and load-deflection behavior
Computer analyses of column cross sections are based on force equilibrium, strain compatibility, and stress-strain relationships for the constituent materials. Special conditions, such as concrete confinement and/or strain-hardening of steel, can be included. Most methods involve the subdivision of the cross section into elements as shown in Fig. 2 . Each element is assumed to have either a constant stress or a linearly varying stress. It is necessary to assume the location and orientation of the axis of zero strain. Strains are proportional to the distance from the zero strain axis. Stresses are obtained from stress-strain relationships for the concrete and steel. With the force in each element known, the resultant axial force and bending moments about the two axes can be calculated. Several iterations of the neutral axis position are generally needed before the axial force and bending moments conform to the desired convergence. Any of the several computational techniques available, [40] [41] [42] [43] [44] [45] [46] [47] [48] such as tangent and second stiffness methods, can be used to produce acceptable strength results.
Most methods of computer analysis include the following assumptions for the cross section (Fig. 2) and for the member (Fig. 3 ): 1) plane sections remain plane during bending; 2) stress-strain relationships for the constituent materials are known; 3) effects of axial and shear deformations are negligible; Note: Smaller dimension of cross section is along X-axis and larger dimension of cross section is along Y-axis; e x is eccentricity along X-axis and e y is eccentricity along Y-axis (both acting at column ends); and k is effective length factor that is equal to 1.0.
Fig. 2-Discretized cross section of square column for computer analysis.
4) no slip takes place between the steel and the surrounding concrete; 5) end-restraint conditions for the member are known; 6) under zero loading, the segment lengths are straight; and 7) under eccentric load, the curvature is constant for each segment. For a displacement-controlled computer analysis of slender columns subjected to symmetric single curvature (Fig. 3) , a value of deflection at any point, usually the midheight, along the minor axis is assigned, and a trial set of axial load and end bending moments is assumed. Then, the internal moments, including the second-order moments due to lateral deflection of the member are calculated at each division point. The curvature and the distribution of strains at each division point can be obtained from the moment-curvature diagram developed for the cross section. Material nonlinearity is included through the stress-strain curves. Cracking of concrete is also included through the tensile stress-strain curve of concrete. The second stiffness method is employed to capture the nonlinear material behavior. Curvatures along the column length are either integrated numerically to obtain deflection at all division points, or a finite difference approach is used to formulate the relationship between the curvature and the deflection. If the calculated deflection at midheight does not agree with the assumed value, the trial set of axial load and end bending moments is modified, and the procedure is repeated until the convergence is within an acceptable limit, normally 0.1% of the assumed deflection.
For the first iteration, the deflection for each division point is initially assumed to be zero, or assigned any other value close to zero, and the resulting bending moments and deflections at all the division points are calculated. The calculated deflected shape is then taken as the assumed deflected shape for the subsequent iteration. After a solution is obtained corresponding to a particular value of assigned deflection at midheight, a new value of the midheight deflection is assigned and the whole procedure is repeated. This method, summarized in the flow chart of Fig. 4 , is capable of determining both ascending and descending branches of the moment-curvature and loaddeflection curves and has been successfully used for columns reported by Wang and Hsu. 46 Hsu and Mirza; 42 Chen and Shoraka; 43 Al-Noury and Chen; 45 Poston, Breen, and Roesset; 47 and Menegotto and Pinto 48 also developed computer analysis methods using a tangent stiffness technique to evaluate the load-moment-deflection relationships. Their methods, however, can calculate the curvatures and deflections up to the maximum axial load capacity only. In other words, at present a tangent stiffness technique is not capable of handling the descending branch beyond the maximum load capacity.
Computed load-deflection and moment-curvature curves for two slender columns based on the procedures described previously are reported herein. Details of these columnsColumn C4 taken from Reference 49 and Column RC7 taken from Reference 22-are given in Fig. 5 . Figure 6 to 8 represent a comparison of analytical and experimental results that show good agreement between experiment and analysis. It is noted that the second stiffness method has been used to compare the behavior of tested Column C4 ( Fig. 6 and 7) , whereas the tangent stiffness method is employed to compare the behavior of tested Column RC7 (Fig. 8) .
ULTIMATE STRENGTHS FROM COMPUTER-BASED ANALYSIS COMPARED WITH TEST VALUES
Ultimate axial-load strengths from 20 column specimens tested under biaxial bending from Bresler, 15 Ramamurthy, 19 Anderson and Lee, 27 and Hsu 25 were compared with the computer-based analysis procedure. The procedure and underlying assumptions used for the computer analysis are described previously. Table 2 lists specimen details, observed ultimate axialload strengths P test , ultimate axial-load strengths from the computer-based analysis P comp , and values of the ratio P test / P comp . For the purpose of comparison with P test /P comp , Table 2 also shows values of P test /P 1 , P test /P 2 , P test /P 3 , and P test /P 4 , which were taken from Table 1 and calculated from design equations described previously. In addition, Table 2 shows the statistics for P test /P comp , P test /P 1 , P test /P 2 , P test /P 3 , and P test /P 4 . A comparison of the average value and the coefficient of variation for P test /P comp with those for P test /P 1 , P test /P 2 , P test /P 3 , and P test /P 4 indicates the acceptability of the computer-analysis procedure. 
Fig. 6-Comparison of load-deflection curves for Column C4 at midheight using second stiffness method for: (a) deflection in X-direction; and (b) deflection in Y-direction (Reference 49).
Fig. 7-Comparison of moment-curvature curves for Column C4 at midheight using second stiffness method for: (a) bending moment about X-axis; and (b) bending moment about Y-axis (Reference 49).
Fig. 8-Comparison of moment-curvature curves for Column RC7 at midheight using tangent stiffness method for: (a) bending moment about X-axis (strong axis); and (b) bending moment about Y-axis (weak axis) of column.
COLUMNS OF NONRECTANGULAR CROSS SECTION
Irregularly shaped columns can result from architectural consideration or geometric limitations. Frequently, such columns are located at the exterior of structural systems and are subjected to a combination of axial-load and biaxial bending.
In the case of column and shearwall configurations, widef1ange sections have been used to enhance both strength and stiffness. L-sections are frequently located at the corners of buildings, channel sections are used as columns or enclosures of elevator shafts, and S-and X-sections have architectural functions. Current building codes provide specific assumptions for the analysis of both sections and members, but design aids are few in number because of the multiplicity of section geometries. Marin 50 and Park and Paulay 35 have developed design aids for L-sections and channel sections, respectively. Ramamurthy and Khan, 51 Hsu, 52-54 Poston et al., 55 and Tsao and Hsu 49 have carried out tests on columns with various sections and complemented these tests with analyses and design equations. They show that the computer analyses of both tangent and second stiffness methods described previously are capable of predicting the load-deformation behavior of columns with nonrectangular cross section. 4), is able to attain the ultimate strengths not only for the concrete columns under biaxial loading, but also for the concrete columns under uniaxial bending. In addition, Eq. (4) can also be used to study the behavior of concrete columns subjected to combined biaxial bending and axial tension as well.
CONCLUDING REMARKS
The elliptic load contour equation can be used effectively for help in selecting a column section. Because the ellipse equation appears to produce strength estimates less than those from the reciprocal load equation and the equation of failure surface, it is recommended that the resultant moment be Based on f c ′ = 0.9f cu , where f cu is compressive strength of 150 mm cubes. Note: Smaller dimension of cross section is along X-axis and larger dimension of cross section is along Y-axis; e x is eccentricity along X-axis and e y is eccentricity along Y-axis (both acting at column ends); and k is effective length factor that is equal to 1.0.
increased by 10% before the trial section is proportioned. If the column section is to be rectangular, the moment about the weak axis should be normalized by increasing its value by the ratio between long and short sides of the section before the resultant moment is computed for proportioning the section. A sample of examples can be found in Appendix B. It is noted that the accuracy of the aforementioned design procedures for strength of slender columns depends on how the slenderness effect and the effect of sustained loads are accounted for in the computation of the member displacements. The second-order effect for the design of biaxially loaded slender columns can be improved by further observations from physical tests.
Various computer analyses that are able to determine both ultimate load and load-deformation behavior of concrete columns under biaxial bending are discussed herein. For practical purposes, a load-controlled computing technique along with the tangent stiffness method can be used to analyze the concrete columns up to maximum axial load capacity with any type of cross section. It spends less computing time than that of a displacement-controlled computing technique together with the second stiffness method. The second approach, however, is capable of capturing both ascending and descending branches of the load-deformation characteristics. It can be used for the detailed analysis and research on concrete column behavior under any combination of loadings.
ACKNOWLEDGMENTS APPENDIX A Example calculations for strength estimates
Sample calculations for the 5th test specimen listed in Table 1 The value P cx for buckling about the major axis: P cx = π 2 EI/l 2 = 926 kips (4118.8 kN). The value P cy for buckling about the minor axis: P cy = π 2 EI/l 2 = 267 kips (1187.6 kN). Moment magnification factors will apply with minor axis bending in symmetric single curvature. For all methods, strength interaction data for this specimen were developed. These data are shown in Table A-1.
Method 1-Eq. (1b): The elliptic load contour equation
This method requires iteration to determine the axial force for which moments will satisfy Eq. (1).
Trial 1, for P n = 94.3 kips (419.4 kN), the reported test load capacity, end eccentricity along major axis = 1.03 in. 
Method 2-Eq. (2): The reciprocal load equation
This equation would be quite convenient if slenderness effects were not to be considered. Because critical eccentricities at midheight must include slenderness effects, however, use the test load as a trial value for P ni . Moment magnification factors determined for Method 1 for the axial force of 94.3 kips (419.4 kN) can be used herein to determine magnified eccentricities at midheight.
δ nsx e y = e y /(1 -P/P cx ) = 1.21/(1 -94.3/926) = 1.35 in. (34.3 mm) for which Table A1 gives P nx = 187 kips (831.8kN).
δ nsy e x = e x /(1 -P/P cy ) = 1.03/(1 -94.3/267) = 1.59 in. (40.4 mm) for which Table A1 gives P ny =131.5 kips (584.9kN).
P n0 = 266.5 kips (1185.4 kN), and Eq. (2) 1/P nx + 1/P ny -1/P n0 = 1/P ni gives 1/187 + 1/131.5 -1/266.5 = 1/108.7 or the value of P ni = 108.7 kips (483.5 kN) is greater than the value for which moment magnifiers are determined. Try P ni = 104.7 kips (465.7 kN), and repeat the analysis.
δ nsx e y = e y /(1 -P/P cx ) =1.21(1 -104.7/926) = 1.36 in. (34.5 mm) for which Table A1 gives P nx =186.5 kips (829.6 kN).
δ nsy e x = e x /(1 -P/P cy ) = 1.03(1 -104.7/267) = 1.59 in. (40.4 mm) for which Table A1 gives P ny = 126.0 kips (560.4 kN).
P n0 = 266.5 kips (1185.4 kN), and Eq. (2) 1/P nx +1/P ny -1/P n0 = 1/P ni gives 1/186.5 + 1/126.0 -1/266.5 = 1/104.7. Because the value of P ni is the same as the value used for moment magnification, 104.7 kips (465.7 kN) is the failure load.
Method 3-Eq. (3): The Australian Standard
The Australian Standard gives Eq. (3) for the exponent α to be used in Eq. (1a) as An iterative procedure must be employed because the strength P ui is a factor in the formulation of the value α as well as for moment magnifiers from slenderness effects. The reported failure load P ni = 94.3 kips (419.4 kN) and φ = 0.7 were selected as a trial value. The section strength given in Table A1 continues With these values and α = 1.5216, Eq. (1) 1 kN) . Thus, the failure load is estimated to be 105 kips (467.0 kN). 
APPENDIX B Sample examples
Given the usual design condition for which proportions for width b and depth h are known, required values are known for load P u and moments M ux and M uy , and material strengths f c ′ and f y are known, the following design procedure is recommended.
1. Compute a resultant moment for design M ui = 1.1 ; 2. Select a section for P ui with M ui acting about the major axis. Distribute reinforcement about the perimeter of the section; and 3. Check the section according to the reciprocal load equation using P ux as the load capacity for an eccentricity e y = M ux /P ui and using P uy as the capacity for an eccentricity e x = M uy /P ui .
If slenderness must be considered, the required moments M ux and M uy at the end should be increased somewhat before sections are sized with the steps recommended. After the trial section is known, required magnified moments δ nsx M ux and δ nsy M uy can be determined. 2 kN) ; e x = M uy /P ui = 2.39 in. (60.7 mm); and P uy = 1000 kips (4448.0 kN). Equation (2) gives 1/P ui = 1/P ux + 1/P uy -1/P u0 = 1/1121 + 1/1000 -1/1448 = 1/832.
Because calculated P ui = 832 kips (3700.7 kN) > P u = 827 kips (3678.5 kN), the reinforcement is satisfactory. 
